Ecological theory attempts to explain community composition based on ''assembly rules'' that link resource use by species from a regional species pool with resource availability (Brown 1981 , Haefner 1981 , Pulliam 1983 ). The basic premise of these studies is that any community in an environment containing unused resources will either tend to be invaded by a species able to harvest that resource (Fox and Brown 1995) or, if such a species does not exist, natural selection will cause selection pressure for such a species to evolve (Darwin 1872 : 235, Benton 1983 . The resulting pattern of species richness has been described as the tendency for communities to be saturated (e.g., Terborgh and Faaborg 1980) . This premise is an extension of optimization theory in ecology (MacArthur and Pianka 1966, Rosen 1967) and of the ''ideal free distribution'' model of population dynamics (Fretwell and Lucas 1970) . This model states that species' population density tends to match resource availability. When extended to communities, the ideal free model can be considered an assembly rule because it produces a predictable, nonrandom pattern of community composition: every community containing a resource will tend to contain one or more species from the species pool that are capable of utilizing that resource. Using the terminology of Haefner (1981 Haefner ( , 1988 , this assembly rule would be considered an ''insertion rule''.
Studying saturation from the point of view of number of species alone may mask important ecological information that can be complemented by focusing on functional groups (Wiens 1989: 156) . Communities with the same number of species can be ecologically different if one has many functional groups with few species and the other has few functional groups with many species (Huston 1994: 4) . Compared with a community that contains x species in y functional groups, a community that contains x species in z functional groups will be functionally unsaturated if zBy.
The ideal free assembly rule predicts that communities tend to be functionally saturated, but functionally unsaturated assemblages sometimes occur in nature (e.g., Price 1984 , Cornell and Kahn 1989 , Lawton et al. 1993 , Cornell 1999 . Circumstances that may prevent community saturation include geographic barriers, low dispersal ability that may limit invasion by potential colonists, and insufficient time for colonization since a resource has become available (Strong et al. 1984: 113) . Climate may function as a physiological constraint preventing establishment of potential colonists (Root 1988a (Root , b, 1989 .
Because case studies are necessary to understand the circumstances under which unsaturated communities occur (Wiens 1984 (Wiens , 1989 , we tested the predictions of the ideal free assembly rule among land bird assemblages in mainland Mexico, considering functional groups based on foraging guilds. Because tests of functional saturation focus on resource presence, the classification of functional groups we used is based on resource type, as in the guild concepts of MacMahon et al. (1981) and Jaksic (1981) , rather than on resource use as in Remsen and Robinson (1990) . Guilds can be delimited at different scales of resolution (Terborgh and Robinson 1986) . At the finest scale, each species belongs in its own guild; however, coarsely delimited guilds, as used here, are useful for understanding community structure Robinson 1986, Wiens 1989: 162) , with the advantage that generalizations can be made in intercommunity comparisons (Steneck and Dethier 1994, Weiher and Keddy 1995) .
The assumptions of this analysis are that dispersal ability is not a significant limiting factor among land birds on the mainland, and that certain broad classes of food resources are available throughout Mexico: flower nectar, seeds and fruits, vertebrates, carrion, flying insects, invertebrates that live inside wood, and invertebrates that move on the ground, under bark and among foliage. These assumptions are justified because, based on the distribution maps and habitat descriptions in Howell and Webb (1995) , one or more species from every foraging guild can be considered present in the ecological species pools (sensu Kelt et al. 1995) of every assemblage in Mexico. Therefore, we predicted that birds from all foraging guilds occur in every locality in mainland Mexico. Because climate potentially produces unsaturated assemblages, a second prediction was that unsaturated assemblages (if any) would be from localities with climates that pose extreme stress, namely, localities with extremely low rainfall, or with extremely high or low temperature.
Methods
We tested these predictions by using species lists of land birds from 77 localities that represent the entire range of climatic conditions found in Mexico. We searched in the scientific literature about Mexican birds for complete lists of co-occurring bird species (i.e., assemblages) and determined the foraging guilds existing in each list. We carried out fieldwork in six localities with severe climatic conditions (either extremely low rainfall and high temperature, or extremely low temperature). The probability of finding saturated assemblages in all six localities if there were no guild assembly rule (i.e., if the real world had an equal number of assemblages with 1, 2, 3, … 12 guilds), based on the multinomial hypergeometric distribution (Ross 1993) was 0.00000335. Because unsaturated assemblages were found, we tested 1) the multinomial hypergeometric probability that a sample of six localities would produce the result we found due to chance, and 2) by plotting the values of mean annual temperature and annual rainfall for all assemblages, whether the unsaturated assemblages were correlated with severe climatic conditions.
Literature search
We examined all species lists cited in Rodríguez-Yáñ ez et al. (1994) and Howell and Webb (1995) , and other publications and unpublished theses (see Appendix). We did not employ species lists from large and/or heterogeneous regions because spatial heterogeneity can cause a list to include species that do not interact with the rest (therefore, not describing a real ecological assemblage). We also did not employ species lists from islands to avoid the influence of factors additional to those occurring on the mainland (e.g., water as a barrier to dispersal and colonization, . Furthermore, we compared species lists with similar or nearby areas, and applied the criteria listed in Gó mez de Silva and Medellín (2001) , to recognize and eliminate incomplete species lists. Because of the lack of complete species lists from certain regions and habitat types (temperate forest in the northern Sierra Madre Occidental and thorn forest in Tamaulipas), we used species lists from two localities in the United States that are less than 15 km from the Mexican border (Coronado National Monument and Santa Ana National Wildlife Refuge). We restricted the analysis to diurnal land birds because nocturnal birds are underrecorded in the scientific literature and may in fact be present in localities where they have not been reported.
Fieldwork
We chose six study areas with severe climates (Table 1) Table 1 . Description of localities where fieldwork was carried out. The first three are xeric and the last three are cold areas. Areas 1 and 2 are considered to have extreme climates (difference between highest and lowest mean monthly temperature more than 20°C; Sánchez-Molina 1985) . Unless otherwise stated, temperature and rainfall data are from García (1987) . Vegetation associations are described following Brown (1982 Generally very open understory but some slopes with clumps of Baccharis sp. and Arctostaphylos sp. This forest has never been logged and fire suppression has never been practiced (Minnich et al. 1994) . Temperature data from Á lvarez and Maisterrena (1977), rainfall from Á lvarez (1983) . The study area is entirely surrounded by similar forest, certain patches of which contain additional species of conifers. Other than the facilities for the astronomers at the Observatorio Astronó mico Nacional, the nearest human habitation is Mike Sky Ranch, 17 km west and 1200 m lower elevation. 5. Pine-oak forest (Pinus-Quercus) strongly dominated by pine, 1 km north of Batosárachi, Chihuahua (27°42.4%N, 107°34.95%W). Small to large rocky outcrops, with cliffs up to 30 m high in places. Where the soil is shallow there are clearings densely covered with Baccharis. Moderately disturbed; there are three small manmade clearings (0.15, 0.24 and 0.5 ha) -five species of birds restricted to these clearings are not here considered to belong to the forest bird assemblage and were excluded from the list. Temperature and rainfall data from the nearest weather station (''Creel'', 6.5 km northwest and 35 m lower elevation). The study area is bounded on the north and south by disturbed montane meadows. The towns of San Ignacio de Arareco and Creel, surrounded by cultivation, are 2.5 and 6.5 km away, respectively. 6. Open pine woodland (Pinus hartwegii ) adjoining treeline in the northeast slope of the Nevado de Toluca volcano, state of México (19°07.5%N, 99°04%W). The undergrowth is composed largely of tussock grass (mainly Calamagrostis tolucensis, Festuca spp., Muhlenbergia spp., Stipa sp.). Temperature and rainfall data from the nearest weather station (''Nevado de Toluca'', 1.25 km west and 100 m higher elevation), with 1°C added to all temperatures to account for the elevation difference. The study area is bounded on three sides by similar open pine woodland and on one side by treeless alpine grassland. The nearest point of the cultivated Valley of Toluca is about 2 km away and 350 m below the study area. accidental species were similar to those of Gó mez de ; namely, species were eliminated when they were either flying nonstop over the study area (or stopped for less than 5 min before continuing in the same direction) or were recorded on two days or fewer ( B 7% of the days spent at each study area). Because the goal was to record all the foraging guilds represented in each study area, the degree of completeness of the fieldwork was evaluated by using a species richness function, the Michaelis-Menten model, with foraging guilds in the place of species. We used the asymptotic value to estimate the number of foraging guilds in each study area and compared it with the number that actually was recorded. The MichaelisMenten model provided a robust estimation (Chazdon et al. 1998 ) and was found to be the most accurate of seven richness estimators by Peterson and Slade (1998) based on evaluation of bias, spread and maximum deviation. The program EstimateS (Colwell 1997) with 50 randomizations of sample order was used for the calculation.
Assigning birds to foraging guilds
Bird species were assigned to foraging guilds using descriptions in Alvarez del Toro (1980), Ehrlich et al. (1988) , Stiles and Skutch (1989) , Sick (1993) , Robinson (1994) , Howell and Webb (1995) , Poole et al. (1992 Poole et al. ( -1998 and Del Hoyo et al. (1992 . We classified Mexican diurnal land birds into 12 foraging guilds that feed on five main resource types ( Table 2 ). The foraging guilds used here were adapted from Terborgh et al. (1990) . Foraging substrate was used to subdivide each guild type when possible. Due to the focus on resource type, frugivores (seed dispersers) and granivores (seed predators) were classified in the same foraging guild, since a fruit is extracted from the plant whether a bird is after the seeds or the pulp. The heterogeneous guild ''omnivores'' was not considered because the term does not indicate the types of food resources used. Instead, omnivorous species were assigned to more than one guild. For example, the ladder-backed woodpecker (Picoides scalaris) was classified both as a bark-gleaning and a wood-boring insectivore (Austin 1977) , and most members of Emberizidae were assigned both to the guild of terrestrial insectivores and that of terrestrial granivores. Similarly, certain Vermi6ora warblers were classified as diurnal foliage-gleaning insectivores, deadleaf searching insectivores and nectarivores (e.g., Remsen et al. 1989) . This was because all of these food categories are being used significantly wherever these species occur. On the other hand, many birds occasionally eat a type of food not usually taken (e.g., the insectivorous squirrel cuckoo Piaya cayana will occasionally eat fruit; Wheelwright et al. 1984 ) but such occasional food items do not merit considering these measured approximately 1 km 2 to ensure that all the species potentially interact (thereby conforming to the definition of ecological community, Wiens 1989). Each study area was surveyed during 30 d (five days every three months from 21 March 1997 to 30 September 1998). During the first year, localities were sampled in order of increasing distance from Mexico City. In the last six months, visits were made in roughly the reverse order. Birds were identified by sight and sound by the first author employing the ''area search'' method (e.g., Crump and Scott 1994) . This observer was already familiar with the appearance of all of the species and the principal vocalizations of 90% of them prior to the fieldwork. Observations began before sunrise and ended after sunset but generally were not made during the hottest hours of the day (the 4 or 5 hours around the time of solar zenith). Following Remsen (1994) and Gó mez de , accidental species were excluded because they did not significantly influence biotic interactions within the community, therefore not truly belonging in the assemblage (though they may have an important role in evolutionary time scales; Grinnell 1922 , Veit 2000 . The criteria used to exclude García (1987) and data from the localities reported herein.
logical situations occurring in Mexico: all of the major types of vegetation (Rzedowski and Equihua 1987, Binford 1989) , the range of combinations of temperature and rainfall (Fig. 2) , 93% of the avifaunal regions (sensu Escalante-Pliego et al. 1993) , and 95.7% of the 728 species of diurnal land birds. Number of species ranged from 34 to 212, and similarity ranged from 1.4 to 90.1% bird species in common (Simpson's index). Seventy-five assemblages (including four of the study areas) had members of all twelve foraging guilds. The other two assemblages lacked members of one and two foraging guilds: study area 1 lacked wood-boring insectivores and predators of aerial/arboreal prey, and study area 6 lacked scavengers. The probability that we would have found four of the six study areas to be saturated by chance was 0.000145. Therefore we conclude that the number of foraging guilds in Mexican land bird assemblages is not random.
Most land bird assemblages studied were functionally saturated (with at least one species from every foraging guild). The two unsaturated assemblages were not a random subset of the assemblages studied in terms of climate. One had the lowest mean annual temperature and the other had both the lowest annual rainfall and the second-highest mean annual temperature (Fig. 2) . The species richness of only one assemblage (study area 4) was lower than that of the two unsaturated assemblages (and study area 4 had the second-lowest mean annual temperature of the assemblages studied).
Discussion
Our results suggest that communities assemble such that at least one species from each guild tends to be represented (ideal free distribution extended to communities). However, they also suggest that climatic condispecies in a guild other than the one that corresponds to their usual foods.
Results
We recorded between 34 and 55 species of diurnal land birds in each of the study areas (study area 1 to 6 in the Appendix). The richness estimator indicated that all foraging guilds present in each study area were recorded.
We tested for functional saturation in 77 sites, including the six study areas (see Appendix, Fig. 1) . Together, the selected lists comprised most of the eco- tions are ultimately acting as a limiting factor preventing certain assemblages of Mexican land birds from being saturated. Any prediction in science contains a ceteris paribus (all other things being equal) clause (Brady 1982 , Wiens 1989 : 22, Schrader-Frechette and McCoy 1993 . The fact that the only unsaturated assemblages were from areas which pose most stress suggest that the prediction of the ideal free assembly rule may not be fulfilled where severe climatic conditions act as limiting population factors. Presumably, fewer species can endure the greater stress and/or lower productivity of areas with severe climatic conditions as severe climatic conditions (and unsaturated assemblages) correlate with reduced species diversity (Fig. 3) . The conditions prevailing in the two unsaturated communities are present in less than 0.7% of Mexico's land surface based on overlaying maps of mean annual temperature (Vidal-Zepeda 1990) and annual rainfall (García 1990) . Therefore, the prediction of the ideal free distribution model is valid over most of the range of climatic conditions found in Mexico, and the resource base ultimately determines the presence of particular kinds of birds in communities.
Most studies of community assembly have focused on coexistence among species within one or a few guilds and one or two trophic levels (Belyea and Lancaster 1999) , a situation in which, theoretically, competition plays a direct role. The present study provides an example of approaching community assembly by analyzing how all food resources are used and how species are allocated among guilds. Brown (1981) envisioned community assembly in terms of capacity rules and allocation rules. Capacity rules would be more related to coexistence among species within guilds, whereas allocation rules (such as the ideal free assembly rule) would be more related to the division of resources among guilds. The correlation between climate and species richness (Fig. 3) seems to be related principally to a capacity rule in which productivity influences species richness (e.g., Wright et al. 1993) . However, extreme climates may also have an effect on the allocation among guilds (unsaturated assemblages in areas of severe climate). The mechanism may be either extremely low ecosystem productivity, with food resources too scarce to support a population of birds belonging to certain guilds, or extreme physiological stress to birds, or, in all likelihood, a combination of the two factors. Experimental studies may help clarify the contribution of these two factors.
The ideal free assembly rule is consistent with Fox's assembly rule (Fox 1987 , Fox and Brown 1993 , which states that the different functional groups in an assemblage tend to have the same number of species when the availability of each resource type is approximately equal (''first approximation '' of Fox 1987) . The ideal free assembly rule does not specify the relative number of species in each functional group, and for this reason this model is less specific than Fox's assembly rule. On the other hand, this model can be tested without having detailed information on the availability of different food resources. Therefore, the relationship between the ideal free distribution model and Fox's assembly rule is equivalent to the relationship between Fox's assembly rule and that of M'Closkey (1978 M'Closkey ( , 1985 : the two rules are complementary but whereas the former has logical priority because it depends on less detailed information, it provides less detailed predictions (see Fox 1987 Fox : 207, 1989 ).
Fox's assembly rule predicts that all functional groups will tend to have the same number of species when the availability of each resource type is approximately equal (''first approximation '' of Fox 1987) . In the case of Mexican diurnal land birds, the number of species in the different functional groups are often disparate. For example, in the 77 land bird assemblages in the Appendix there are from 3 to 22 more species of insectivores that pluck their food from foliage than of wood-drilling insectivores. This is not simply a function of different total numbers of species, because the proportion of species in the different functional groups is also disparate (Fig. 4) . These discrepancies between guilds may be due to unequal availabilities of the different resource types, as Fox's rule predicts. Nevertheless, it is impossible to test the predictions of Fox's assembly rule because, both in theory and in practice, it is difficult to compare the availability of different resource types among the different localities.
A controversy that has dominated theory in community ecology at least since the late 1950s (McIntosh 1995) is the effect of competition in structuring assemblages. Null models based on randomness have been proposed to be the best way to test for the effects of competition in community organization (Connor and Simberloff 1979 , Strong 1980 , Gotelli and Graves 1996 . The role of null models is to generate a pattern that is expected in the absence of the mechanism being tested, but to be realistic the model should incorporate structure that is independent of that mechanism (Gotelli and Graves 1996) . The ideal free assembly rule exemplifies deterministic factors in community organization that are independent of present-day competition. We propose that realistic null models that test for present-day competition should incorporate structure produced by functional saturation. Failing to do so would produce bias akin to the ''dilution effect'' of Diamond and Gilpin (1982) because the model would be confounding simulated assemblages that are biologically unrealistic, such as functionally unsaturated assemblages, with others that are plausible (whereas the dilution effect of Diamond and Gilpin refers to confounding simulated assemblages that are irrelevant to the test with others that are relevant). Specifically, we propose that observed assemblages should be tested only against those simulated assemblages that are functionally saturated.
However, Monte Carlo simulations based on samples from an observed species pool may be inappropriate null models to test this proposed assembly rule (and certain others, Colwell and Winkler 1984) , because the pool may be influenced by the same rule that is hypothesized to structure the assemblages to be tested (''Narcissus effect '', Colwell and Winkler 1984) . This is particularly clear in the case of the ideal free assembly rule, in which the rule operates in both ecological time, structuring assemblages, and evolutionary time, structuring the species pool (see first paragraph of this article). In these cases, appropriate null models may have to be based on imaginary pools based on the absence of the mechanism being tested.
Because of functional saturation, diurnal land bird assemblages in Mexico have a common structure (they are made up of species belonging to the same 12 foraging guilds), even assemblages with no species in common. Bird assemblages may be especially prone to saturation (e.g., Case 1996) because they are less dispersal-limited than many other taxa. In other taxa there may be long time lags between unused resources becoming available and invasion by species capable of using them (e.g., Tilman 1997, Ernest and Brown 2001) . The ideal free distribution model on which this assembly rule is based applies to organisms in general, not only to Mexican birds. Therefore, this assembly rule could be tested on other taxa of organisms and in other parts of the world. 
